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O bservational, patient-oriented research is a broad term used to describe clinical studies that do not involve an experiment or intervention, in contrast to clinical trials. The traditional study designs of epidemiologycase series, cross-sectional analysis, case-control, and cohort studies-all are examples of observational research. Observational research studies can be designed and implemented by a primary data collection, meaning that the investigator recruits the subjects and conducts the measurements by him-or herself. However, data collection is an expensive and lengthy process that limits the feasibility of addressing many research questions and would hinder many potential investigators from engaging in research.
A more feasible approach to addressing a research question is to use previously collected patient data so that the project can proceed straight to data analysis. Whereas this approach may seem somewhat utopian, a multitude of research databases that can be used to answer important questions that are relevant to kidney disease are currently in existence. The purpose of this review is to discuss (1) the types of research analyses that can be conducted using existing data; (2) the types of research databases that are available, examples of each, and their strengths and weaknesses; and (3) a general process for addressing a research question using an existing data source.
Questions that Can Be Answered with Existing Data
Observational research studies are often categorized into topics such as epidemiology, outcomes research, and health services research. All of these types of research questions related to kidney disease can be addressed using existing research databases. The distinction between these categories of research is largely based on the focus of the research question, although the actual methods often overlap.
Epidemiology is the study of the occurrence and distribution of diseases and other health-related conditions in human populations and the risk factors that determine disease risk. Epidemiologic research questions can be either descriptive or analytic. Descriptive studies are used to determine prevalence and incidence of diseases and their trends over time. Examples could include studies that demonstrate the rising incidence of ESRD over the past few decades and the disproportionate impact on people with diabetes and the elderly.
More often, epidemiologic studies are undertaken to identify the causes of disease. This approach typically involves "analytic studies" to determine whether a risk factor is an independent determinant of disease and collectively to evaluate causal relationships. A potential example of a research question, testable using existing databases, could evaluate determinants of chronic kidney disease (CKD) incidence and progression, such as dietary factors, smoking, or lipoprotein levels.
Outcomes research is a relatively new term in clinical research that refers to the study of health outcomes that are relevant to patients. Such outcomes often include clinical events, such as graft survival after kidney transplant or recurrence of heart failure. However, relevant health outcomes also include health-related quality of life, mental health, and cognitive function, which are areas of growing interest in nephrology research. Each of these outcomes is available in certain clinical cohorts. Interesting and publishable research questions can be descriptive (e.g., the prevalence of depression in patients with CKD) or analytic (e.g., determinants of survival after kidney transplantation).
Health services research broadly refers to the study of health care delivery and the factors that affect the quality of health care. Such questions could include access to health care, costs and cost-effectiveness of health care interventions, utilization of proven therapies and procedures, and regional variation in health care delivery and outcomes.
In clinical nephrology, many of these health services research questions that can be addressed using existing databases. For example, previous studies have evaluated the rates of transplantation among racial subgroups with ESRD; utilization of angiotensin-converting enzyme inhibitors in people with diabetic nephropathy could be evaluated as a well as the determinants of their use; and the health care costs related to CKD could be studied, as well as the proportion attributable to cardiovascular disease. This summary and these examples are meant to provide snapshots of the wide variety of relevant research questions that can be addressed using existing databases. The next section discusses the types of databases that can be accessed by interested investigators and their relative suitability for addressing questions related to epidemiology, outcomes research, and health services research.
Observational Cohorts

Administrative Databases
One potential source for observational research is an administrative database. The term administrative database refers to information collected for the purpose of clinical care rather than data collected for research purposes. Administrative databases may range from a single clinical practice to national health care databases or insurance health plans. The completeness of administrative databases depends on the range of clinical information that is linked together. These may include any combination of the following information: Demographic characteristics, laboratory measures, comorbidity information, medication use, clinic visits, hospitalizations, cost of care, and survival.
The primary strengths of administrative databases are typically their generalizability and large size. Although it may be costly to link together the various components of an administrative database, it is far less expensive than a primary data collection. The major limitation is that the data were not collected for the purpose of research; therefore, it might be impossible to validate their accuracy, so it is important for the investigator to evaluate critically the accuracy of the predictors and outcomes of his or her study. If the investigator is not confident of the accuracy of a particular variable (e.g., capture of ESRD outcomes) within the data set, then it should not be used.
An example of a health care organization that has linked together all of these types of information is the Kaiser Permanente Renal Study of the Kaiser of Northern California Division of Research. The Kaiser Permanente Renal Study is a unique administrative cohort because it combines so many elements of clinical care, including demographic characteristics, medication use, laboratory measurements, in-hospital survival, and cost of care. Characteristics are updated throughout the follow-up period, so changes in creatinine can be tracked longitudinally. The source population is the Kaiser Permanente Health Care System, which is diverse and includes a large number of black individuals, white individuals, Hispanic Americans, and Asian Americans. An additional unique attribute to this database is that it includes Ͼ1 million people who were followed for several years. A major paper from the cohort is by Go et al. (1) , which reported a strong association of CKD with cardiovascular outcomes.
Population Surveys
Population surveys are active clinical research studies that are designed to understand the prevalence of risk factors and diseases in a population. Population surveys have been conducted for many years. The National Health and Nutrition Examination Surveys (NHANES I, II, III, and IV) have been conducted at intervals of approximately one per decade by the Centers for Disease Control and Prevention's National Center for Heath Statistics and have tracked the prevalence of both CKD and its risk factors over the course of each survey. The NHANES studies are predominantly for cross-sectional analyses, although limited comorbidity and mortality follow-up are available from NHANES I, II, and III. Another population survey that is relevant to kidney disease is the Prevention of Renal and Vascular End Stage Disease study from the Netherlands.
The primary advantages of the NHANES surveys are their rigorous sampling strategies, their systematic data collection, and the weighting of the survey so that it approximates the US population. Disadvantages include their predominantly crosssectional design; as a result, causal relationships between renal function and most disease outcomes cannot be studied. In addition, the earlier NHANES surveys were conducted many years ago, and the generalizability to current populations may be limited. In addition, there is public access to the data, which means that multiple research groups could investigate and publish articles that address the same research question. Although this has the advantage of allowing greater access to data to answer one's hypotheses, it can result in large amounts of work being lost if other groups publish similar results first.
Many cross-sectional studies have evaluated correlations of CKD in NHANES III. Coresh et al. (2) evaluated BP control among Americans with CKD. A subsequent paper evaluated trends in prevalence of CKD over several decades in the United States, using the NHANES survey (3). Others have evaluated physiologic correlations of CKD, including inflammation, metabolic syndrome, and anemia (4 -6).
Longitudinal Cohorts
Several community-based cohort studies have been funded by the National Institutes of Heath and other funding agencies. These studies have the ability to evaluate renal function and progression of disease. The National Heart, Lung, and Blood Institute has funded several cohort studies that have provided important insights in kidney disease. These cohorts include the Framingham Heart Study, Cardiovascular Heath Study (CHS), Atherosclerosis Risk in Communities study (ARIC) and the Coronary Artery Risk Development in Young Adults study (CARDIA). The last three recruited participants with distinct age groups at entry: CHS included people who were older thanThe National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK) has supported several cohort studies in clinical populations with kidney disease. These studies include the Choices for Healthy Outcomes in Caring for End-Stage Renal Disease (CHOICE) Cohort Study, a national prospective cohort study of incident dialysis patients initiated in 1995 to investigate the association of treatment choices of modality and dose with outcomes of dialysis care, and the Epidemiology of Diabetes Interventions and Complications (EDIC) study, an observational study that was designed to follow participants from the Diabetes Control and Complications Trial (DCCT) to determine the long-term effects of glycemic control on micro-and macrovascular outcomes. Each of these studies has played an important role in our understanding of CKD.
The advantages of clinical cohorts include their rigorous and systematic data collection; focus on novel, uniformly conducted measurements for research; systematic adjudication of clinical outcomes by trained reviewers; and specimens that have been collected and stored for future measurements. The primary weakness of this type of study is the potential for systematic differences between volunteers in the study and the general population. As with clinical trials, recruits into a clinical cohort may be fundamentally different from people who refuse to join. Another major limitation for studies that recruit populations of people who have CKD that does not require dialysis is that these cohorts are not large enough to accrue many ESRD outcomes.
Investigators from CHS have conducted both cross-sectional and longitudinal analyses to evaluate the impact of CKD on outcomes ranging from death, cardiovascular disease events, and incident heart failure (7-9). This study now includes measures of both creatinine and cystatin-C, so their relative associations with cardiovascular outcomes can be compared. The ARIC investigators have evaluated associations of CKD with the outcomes of subclinical and clinical cardiovascular disease in a middle-aged population (10) . The unique aspect of CARDIA is that the study will detect incident kidney disease and its attendant risk factors (11) .
Investigators from CHOICE have assessed factors that predict choice of dialysis modality and assessed predictors of cardiovascular outcomes among dialysis patients (12, 13) . This study is unique in developing a health-related quality-of-life measure specifically for ESRD, called The CHOICE Health Experience Questionnaire (14) . The DCCT was an intervention trial that demonstrated a significant impact of glycemic control on the early markers of microvascular complications. The EDIC study continued to follow a cohort of Ͼ1400 patients who participated in the DCCT to determine the long-term effects of previous separation of glycemic levels on micro-and macrovascular outcomes. One important finding from this study was that the positive effects of tight glycemic control on albumin excretion during the DCCT persisted even 7 to 8 yr after the end of the trial, suggesting that previous intensive treatment of diabetes has a prolonged benefit in delaying progression of diabetic nephropathy (15) . The unique aspect of the EDIC study is its ability to observe early diabetic nephropathy over an extended period of time.
Two new cohorts of patients with CKD are currently being launched by the NIDDK. The Chronic Renal Insufficiency Cohort will enroll 3000 participants with kidney dysfunction with a target population composed of balanced proportions of black and white Americans and participants with and without diabetes. The study will have a longitudinal follow-up with primary outcome end points of cardiovascular and kidney disease progression. This study plans to complete enrollment in 2006. The other new cohort, entitled the Family Investigation of Nephropathy of Diabetes consortium, is a genetic-based study with the goal of identifying genetic pathways that are critical for the development of diabetic nephropathy. This study's recruitment goals include 2000 pairs of siblings for a family-based study and 1500 case patients and control subjects for an association study that included various ethnicities.
Registries
A registry typically refers to a compilation of clinical information on individuals with a specific disease. These studies usually involve a medical record abstraction to obtain relevant information on each patient. Registries vary on their length of follow-up and outcomes. The strengths of a registry are that they typically are generalizable and may show temporal patterns in clinical disease and outcomes. They are usually very large but may be limited in the amount of data obtained for each individual. Some of these are supported by funds from the Centers for Medicare and Medicaid Services, whereas others are funded by industry.
Several registries that are relevant to kidney disease are available, including large registries of patients with ESRD, myocardial infarction, and heart failure. The Centers for Medicare and Medicaid Services has established a myocardial infarction registry and a heart failure inpatient registry. Each of these has mortality follow-up for 1 yr. The Cooperative Cardiovascular Project and the National Heart Care registries have been used to evaluate the quality of care and outcomes of patients with myocardial infarction and heart failure complicated by CKD or ESRD (16, 17) .
Perhaps the most widely known registry in kidney disease is the United States Renal Data System (USRDS), a national data system that collects information about ESRD in the United States (www.usrds.org). The USRDS is funded by the NIDDK. The USRDS contains core date including demographics, comorbidities, survival, and health resource utilization. In addition, the USRDS contains data from several completed and four ongoing special studies that focus on particular aspects of renal disease. Also available through the USRDS is the Clinical Performance Measures Project data, which contain information on the quality of care provided to the ESRD dialysis patient. The data originate from yearly surveys completed by dialysis units and have been linked to USRDS data, providing a rich source of detailed information. Data from the USRDS have been used in hundreds of publications and have addressed issues related to epidemiology, outcomes, and health services research. Examples include the effect of use or nonuse of long-term dialysis on subsequent survival of renal transplants from living donors (18) , survival after acute myocardial infarction on dialysis (19) , and hip fracture outcomes in dialysis and transplant patients (20) . Because Ͼ90% of all dialysis patients in the United States are eligible for Medicare coverage, this database is unique because it contains data on almost all dialysis patients who are treated in the United States.
The Dialysis Outcomes and Practice Patterns Study is an additional registry (21) . It is a prospective, longitudinal, observational study of hemodialysis patients and facilities in 12 countries. The goal of the study is to determine which practice patterns are associated with the best patient outcomes. This registry is the only prospective international study in dialysis that allows interesting observations across geographic regions.
Clinical Trials
Once a clinical trial has been completed, the information collected may be used for observational research, which is independent of the original trial design. For example, a clinical trial that is designed to evaluate the effect of an antihypertensive agent on kidney disease progression could look at other determinants of progression as well. Many clinical trials in kidney disease or cardiovascular disease have been used subsequently to answer observational research questions that are relevant to kidney disease. The strengths of a clinical trial for use in observational research are that data are typically collected rigorously and outcome ascertainment is generally complete. Some of the trials may also contain stored specimens for future measurements. The primary limitation of the clinical trial is that the subjects who volunteer to be randomly assigned to a clinical trial may be fundamentally different from the general population.
Clinical trials often have been conducted to include patients with and without kidney disease. Consequently, several investigators have written papers to evaluate whether the particular intervention (drug or procedure) is equally efficacious in the subgroups with and without kidney disease. For example, investigators have confirmed that the benefits of pravastatin in the Cholesterol and Recurrent Events trial seemed similar in individuals with and without CKD, as were the benefits for ramipril in the Heart Outcomes and Prevention Evaluation trial (22, 23) .
Clinical trials that have been conducted in patients with kidney disease have particularly good potential for observational research. Examples include the Modification of Diet in Renal Disease study of patients with nondiabetic CKD, the Reduction of Endpoints in NIDDM with Angiotensin II Antagonist Losartan study, and the Irbesartan Diabetic Nephropathy Trial in patients with diabetic nephropathy and the Hemodialysis Study in patients with end stage renal disease. For example, investigators from the Modification of Diet in Renal Disease trial conducted an observational analysis to evaluate the most important predictors of declining GFR (24) . In the Reduction of Endpoints in NIDDM with Angiotensin II Antagonist Losartan trial, De Zeeuw et al. (25, 26) evaluated the importance of changes in albuminuria levels as determinants of cardiovascular and renal outcomes. In the Hemodialysis Study, investigators assessed the impact of hemodialysis dose and membrane flux on quality of life (27) . These are examples of how observational research studies have complemented the original randomized comparisons of a clinical trial.
The studies described in this section are a few among the many databases that are available for analysis. Table 1 summarizes characteristics of many of the available databases, but it is not an exhaustive list, and many important studies may have been omitted inadvertently.
How to Access Data for Observational Research
All of the studies listed in Table 1 have published articles in observational research relevant to kidney disease. In most cases, many other research questions could be answered using the data in these studies. We encourage young investigators to pursue observational research using one of these (or other) research databases.
The first step to conducting observational research is to develop an interesting research question. The young investigator should craft the research question with guidance from a mentor to ensure that it is feasible, interesting, and clinically relevant. The best research questions are interesting regardless of whether the association is "positive." In other words, whether the hypothesized predictor is significantly associated with the study outcome or not, the findings should be interesting and publishable. After identifying the research question, the investigator should review the studies listed in Table 1 (or other studies identified by a mentor) to find the cohort(s) most suitable to answer the question. The next step then is to contact an investigator from the study.
Some studies, particularly those funded by the National Institutes of Health or other government institutions, will have a web site that specifically details a mechanism for outside investigators to propose ideas for manuscripts. These studies will often pair the new investigator with a collaborating investigator who is knowledgeable with that cohort. Other studies will have a less formal process, and the new investigator should contact either the primary investigator of the study or an investigator who has previously published on kidney-related topics from that study. In either case, it is a good idea to carefully review previous studies from that cohort to ensure that the proposed research question is feasible and has not already been addressed.
Finally, investigators may be concerned that their research idea will be appropriated by the cohort study without the investigator's involvement. In our experience, this is highly unusual as academic medicine is a small community and investigators are typically both genuine in their integrity and protective of their reputation. Usually, the investigator who proposes the idea not only should be allowed to pursue the project but also should be the lead author on the manuscript. Always discuss issues of author order in the earliest stages of the project development.
Guidelines for Accessing Epidemiologic Data
Although each data set has unique guidelines for accessing data, there are some general principles that can be applied to accessing virtually all databases. The most critical first step is to develop a general research hypothesis. Developing a sound research hypothesis helps to narrow the choice of databases. Once the hypothesis is generated, it is important to learn as much as possible about several data sets to ensure that the most appropriate data set is chosen. A variety of mechanisms provide insight into data elements, including reviewing predictors and outcomes used in previous publications. General information about a variety of data sets is provide in Table 1 . Most large 
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observational studies have web sites that are a rich source of information. Information found on the web sites includes the focus of study, a summary of data elements, instructions for accessing data, Steering Committee members, and previous publications. Information from the web site can be used to refine the research hypothesis and determine the best approach for gaining permission to use the data. It is important to note that some studies have both publicly available data sets that are often provided, with few limitations, on a CD-ROM and data that only available are through a more formal mechanism that is controlled by a publications committee. Often, the data that are available publicly are truncated to protect subject privacy and may not be as current as data that are available directly through the coordinating center. When using a data set with which one is unfamiliar, it is often helpful to identify a collaborator who has familiarity with the data. Collaborators can include members of the Steering Committee with expertise in the area of interest, an investigator at one's own institution who has used the data set before, or a Working Group that has been formed by the study's leadership group to strengthen investigation in a particular area. The web site and publications can assist you in identifying such individuals. Our experience has been that contacting potential collaborators is very positive and provides additional useful information regarding not only the most appropriate collaborators but also insight into the current research direction of the study, potential funding mechanisms, and historical information that can assist in the most strategic approach for moving forward.
Once the research question has been refined, it is also important to consider the mechanism of analytic support. It is important to consider the statistical expertise of the investigator when considering the most appropriate database to use. The databases vary in degree of complexity, and for some data sets, analyses may be beyond the expertise of the investigator. If this is the case, then statistical support may be provided by the coordinating center if the study is large enough. However, there is often a priority score given to paper proposals that determines the order in which the coordinating center will conduct the analysis. Building a relationship with a member of the study's leadership group may provide guidance in the development of the proposal that may optimize the priority score that the study receives. It has been our experience that these insights are invaluable.
For many studies, gaining approval for a paper proposal involves submitting a proposal to a review group. Instructions are typically found on the study's web site. The process can be as informal as getting approval from the principal investigator or as complicated as submission to a formal Publications and Planning Committee. The more formal process can take a month or more to receive approval, so it is important to plan carefully. Although investigators may have concerns that an idea may be stolen, it has been our experience that this is uncommon. The Publications and Planning Committees typically provide excellent guidance and insight, allowing for a stronger approach.
Conclusions
Observational research is a broad term that describes analytic studies in epidemiology, outcomes research, and health services research. Many important research questions in clinical nephrology require observational research designs, as they cannot be tested by clinical trials. Often the most feasible, costeffective method for addressing these hypotheses is to use an existing research dataset. Many observational research studies have been used in clinical nephrology, and most remain available for new investigators. Broadly, we have classified the types of available research datasets into administrative studies, population surveys, longitudinal cohorts, disease-specific registries, and clinical trials. We strongly encourage new investigators to develop a novel research hypothesis with input from mentors or colleagues, identify the optimal dataset to answer the question, and submit a research proposal to the leadership of that study. This process of establishing new collaborations to answer a research question and to publish its findings can be one of the best rewards of a career in patient-oriented research.
